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(54) BONDING METHOD FOR FLIP CHIP ON BOARD 

(57)Abstract 

PURPOSE: To provide a bonding method for positioning a flip chip 
accurately on a board and bonding it correctly. 

CONSTITUTION: A flip chip 20 is mounted on a board 22. The flip chip 20 
has an active face with a conductive bump. The active face thereof is 
turned to the face of the board 22 and put on the board 22 in a way that 
the bump of the flip chip 20 is made in accordance with a bonding pattern 
of the board 22. An ultrasonic horn 30 is moved down and a flat face 
thereof is put on the rear face of the flip chip 20. Force is applied by the 
ultrasonic horn 30 to the rear face of the flip chip 20. The force is applied 
vertically to the board 22 in a way that side wise dislocation between the flip 
chip 20 and the board 22 is made a minimum. During the application of 
force, the ultrasonic horn 30 is operated so that the ultrasonic energy is 
transmitted from the flip chip 20 to the board 22 isothermally and the flip 
chip 20 and the board 22 are subjected to diffusion bonding. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step which turns the active side to a substrate and arranges above a substrate the flip chip which has a 
conductive bump in an active side. The step at which she places a flip chip on a substrate as a bump suits the location of the 
bonding pattern on a substrate. The step which lowers the ultrasonic horn which has an even field and is contacted at the tooth 
back of a flip chip, It is made for the force perpendicular to a substrate to be added that the variation rate of the longitudinal 
direction between a flip chip and a substrate should be made min. The step which applies the force to the tooth back of a flip 
chip through an ultrasonic horn. The bonding approach to the substrate of a flip chip which an ultrasonic horn is operated while 
applying the force, and is made to transmit ultrasonic energy to a substrate in isothermal from a flip chip, and is characterized by 
including the step which makes diffusion bonding cause among both. 

[Claim 2] The bonding approach characterized by supplying the ultrasonic energy of the range of 60.000- 100,000Hz at the 
actuation step of an ultrasonic horn in an approach according to claim 1 . 

[Claim 3] The bonding approach which banishes minimum surface dirt and oxide from a flip chip and a substrate, and is further 
characterized by including the step which builds the pure front face for bondings with atomic level in an approach according to 
claim 2. 

[Claim 4] The bonding approach characterized by including the step in which carry out plastic deformation of the bump who 
adjoined the surface of action between a flip chip and a substrate further in an approach according to claim 3, carry out contact 
between a flip chip and a substrate densely, and the atomic union between metals is made to form. 

[Claim 5] The bonding approach characterized by aligning a flip chip with the bonding pattern on a substrate in an approach 
according to claim 1 at the step which places a flip chip on a substrate as the physical relationship of a flip chip and a substrate 
is seen before the step which lowers an ultrasonic horn and applies the force and a bump's bonding pattern and location on a 
substrate suit. 

[Claim 6] The bonding approach characterized by applying about 50pound (about 22,650g pile) force in an approach according to 
claim 1 at the step which applies the force to a flip chip. 

[Claim 7] The bonding approach characterized by applying the force till 20 seconds in an approach according to claim 6 at the 
step which applies the force to a flip chip. 

[Claim 8] It is the bonding approach characterized by forming the conductive bump withgold in an approach according to claim 1 . 
[Claim 9] It is the bonding approach characterized by forming the conductive bump by the indium in an approach according to 
claim 1. 

[Claim 10] The bonding approach characterized by including the step which takes up a flip chip further in an approach according 
to claim 1 before the step which arranges a flip chip above a substrate. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. ** ** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment and the approach for carrying out bonding of the flip chip 
equipment on a substrate like the circuit board which were improved. Especially this invention relates to the semi-automatic 
system which can position a flip chip with high precision and can carry out bonding correctly on a substrate. 
[0002] 

[Description of the Prior Art] nip chip bonding has appeared as one of the rapid-growth techniques about a package of 
electronic parts. This technique has developed according to the need of the circuit which operates at high speed under high 
packaging density. In order to meet a performance criteria, a design and bonding medium of a substrate, an interconnect device, 
and a flip chip are chosen suitably, and are not spread (a reliable mufti chip module is manufactured). 

[0003] Some approaches are used for attaching a flip chip and a die in a substrate. Solder is often used for silicon, alumimium 
nitride, an alumina, or a flexible substrate. Heat compression or the ultrasonic bonding of gold and gold is mainly used from 
equipment with a small dimension by high power. Standard conductive epoxy may also be used for flip chip bonding. 
[0004] The items which need to be taken into consideration when designing an automatic flip-chip-bonding device are pickup of 
alignment accuracy, a flip chip, and the class of substrate and a flip chip, arrangement and pickup of a substrate, arrangement, a 
throughput, and a price. 

[0005] If the example of the conventional way is given, the equipment which carries out bonding of the flip chip equipment to the 
U.S. patent No. 3,938,722 in the conductive field for connection on a substrate using ultrasonic energy is indicated. The bonding 
tool has the globular form bonding side, and bonding is made for it in a complicated vibration according to a pivot device. 
However, in this way, horizontal movement relative between a flip chip and a substrate may break out, and alignment may be out 
of order. 

[0006] U.S. In advance of the connection process of a flip chip, the bonding approach not using golden corpuscle, i.e., bump, is 
completely indicated by patent No. 4,842,662. The bump of this gold is usually stationed at the terminal pad of a flip chip, and the 
wire bottom connected to a flip chip. However, this patent is related with the one-point bonding process used with the tape for 
tape automated bonding (TAB). 
[0007] 

[Abstract] This invention indicates the approach and equipment for carrying out bonding of the flip chip to a substrate. This 
approach contains the following steps. 

1. Step Which Turns the Active Side to Substrate and Arranges above Substrate Flip Chip Which Has Conductive Bump in Active 
Side, 2. A bump is made to suit the location of the bonding pattern on a substrate. The step which places a flip chip on a 
substrate, and 3. The step which lowers the ultrasonic horn which has an even field and is contacted at the tooth back of a flip 
chip, 4. It is made for the force perpendicular to a substrate to be added that the variation rate of the longitudinal direction 
between a flip chip and a substrate should be made min. The step which applies the force to the tooth back of a flip chip through 
an ultrasonic horn, and 5. Step which operates an ultrasonic hom while applying the force, makes ultrasonic energy transmit to a 
substrate in isothermal from a flip chip, and makes diffusion bonding cause among both. 
Manufacturing the equipment for carrying out a steamy process also contains this invention. 
[0008] 

[Example] Next, it explains, referring to a drawing about this invention. The process and approach of this invention are related 
with the system which carries out bonding of the multichip to a substrate. The equipment to indicate is used as the precise 
pickup for positioning a flip chip about the bonding pattern defined on the substrate, or an arrangement device. 
[0009] The equipment and the process by this invention are used for high density real wearing with required aligning a flip chip 
and a die to a substrate and high degree of accuracy, and carrying put bonding certainty generally. This equipment contains one 
pickup head and one bonding head. The 1st head picks up a flip chip from a waffle pack, turns to it and places it on an adjusting 
device. The 2nd head picks up a die from a sense adjusting device, and brings it above a substrate. Vision equipment is used for 
the last alignment when a die is above a substrate. 

[0010] The technical term the "ultrasonic horn" used here means the solid-state type process which carries out bonding of the 
flip chip to a substrate by adding the vibrational energy of high frequency to them locally, keeping a flip chip and a substrate 
together to the bottom of pressurization. It is thought that the diffusion layer of the thickness of about 2 - 3K angstrom is 
formed. The process to indicate can be used for carrying out bonding of the flip chip to the gold arranged on a substrate, silver, 
platinum, nickel, or a copper metal pattern. 

[001 1] Drawing 1 is the flow chart of the main process steps used for carrying out the process of this invention. A flip chip is 
arranged above a substrate (10). Usually, a flip chip has the active side equipped with the golden microsphere, i.e. f bump. The 
active side is turned to the direction of a substrate. Next, a bump s location is doubled with the bonding pattern currently formed 
on the substrate although it is that of (12) which places a flip chip on a substrate. Next, an ultrasonic horn is lowered (14). It is 
made for the even field of a hom to touch on the top of the tooth back of a flip chip in that case. And the force is applied to the 
tooth back of a flip chip through an ultrasonic hom (16). It is made for the force to be added at right angles to a substrate. Thus, 
the variation rate of the longitudinal direction of a flip chip is made into min about a substrate. Finally, while applying the force, by 
operating an ultrasonic hom, the isothermal transfer of (1 8) and the ultrasonic energy is carried out from a flip chip at a 
substrate, and diffusion bonding is made among both, 
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[0012] Drawing 24 shows equipment and a process step more to a detail. The main parts of the equipment used for drawing 2 
carrying out this invention are shown. In drawing 2 , the flip chip 20 is carried on the flip chip pickup table 24. The substrate 22 is 
placed on the work holder 26. In d rawin g 3 , in order that the vacuum flip chip pickup device 28 may take up a flip chip using a 
vacuum, the arm is lengthened. 

[001 3] The arm of the vacuum flip chip pickup device 28 withdraws, and d rawing 4 shows signs that the flip chip 20 is raised 
above the flip chip pickup table 24. In drawing 5 , the stage 38 containing the vacuum flip chip pickup device 28 and the ultrasonic 
horn 30 moves, and the vacuum flip chip pickup arm 28 with a flip chip 20 is turned to, and is brought to the location of an 
adjusting device 36. 

[0014] Next, as shown in drawing 6 . the vacuum flip chip pickup arm 28 is lengthened, and a flip chip is placed on the sense 
adjusting device 36. And as shown in drawing 7 , the vacuum flip chip pickup arm 28 is retracted, the sense adjusting device 36 is 
operated, and the sense is adjusted so that a flip chip 20 may become the right sense about a substrate 22. Next, as shown in 
drawing 8 , it moves on a stage 38, the location of the ultrasonic horn 30 is turned to, and it doubles with the location of an 
adjusting device 36. And as shown in drawing 9 , the ultrasonic horn 30 is lengthened, it is suitable using a vacuum, and a flip chip 
20 is picked up from an adjusting device 36. A vacuum is supplied by one or more holes which pass along the inside of the 
ultrasonic horn 30 in shaft orientations in order to supply negative pressure. The horn shown here can be used for the flip chip of 
various kinds of dimensions. 

[001 5] In drawing 10 , the ultrasonic horn 30 draws and the flip chip 20 is carried. In drawing 1 1 , the stage 38 moved and the 

ultrasonic horn 30 and the flip chip 20 have countered with the bonding location 40 defined on the substrate 22. 

[0016] In drawing 12 , equipment for alignment like optical equipment 34 is moved between a flip chip 20 and a substrate 22. And 

alignment of the flip chip 20 to a substrate 20 is started with hand control or an automatic gear. Although optical equipment is 

used for alignment separation prism and other alignment equipments like an infrared technique may be used. 

[001 7] Drawing 13 moves alignment equipment 34 to a center valve position, lengthens the ultrasonic horn 30, and shows the 

place which contacted the flip chip 20 to the substrate 22. Only the period when the 1-50pound (about 453~22,650g pile) force 

defined beforehand and the ultrasonic energy within the limits of 60,000-1 00,000Hz were beforehand defined by about 10 

seconds is added to a flip chip 20. 

[001 8] In order to end a cycle, as shown in drawing. 14 , the ultrasonic horn 30 is retracted and the flip chip 20 combined with the 
substrate 22 by positive diffusion bonding is placed. 

[0019] Drawing 15 and drawing 16 are the X-ray photographs of a flip chip which floated above the substrate 22. In each drawing, 
the field where a rectangle is black is the tooth back of a substrate 22. When the location is correct, ( drawing 15 ) and each 
point mean that the golden corpuscle bump is located on the active side of a flip chip 20. Although the bonding pattern is 
extended from the golden bump, this is the gilding line arranged on the front face of a substrate 22, i.e., a lead. 
[0020] In drawing 16 , it has separated from the bonding pattern with which the golden bump was set on the substrate 22. 
Alignment is possible by alignment equipment. If the process and equipment which were indicated are used, diffusion bonding of 
all the bumps prepared on the flip chip will be carried out to coincidence in the bonding location defined on the substrate 22. 
[0021] In fact, if an ultrasonic horn is operated, the dirt and oxide of a very small front face will be banished from the flip chip in 
a substrate, and a clean front face will be made on atomic level required for bonding. When applying the force to a flip chip 
preferably, it adds in a stage. First, it adds, and the Spound (about 2,265g pile) initial force is continuously raised to 20-50pound 
(906-22,650g pile) as 2nd force. Since such force tends to carry out plastic deformation of the bump of the gold contiguous to 
the surface of action of a flip chip and a substrate, by adding isothermal ultrasonic energy, both contact becomes dense and the 
atomic union between metals is formed. If there are three bumps per one flip chip, the 1~2pound (about 453~906g pile) force is 
actually enough. It will be enough if it is 250 bumps, and the 25~30pound (1 1 ,325-1 3,590g pile) force is applied till about 10-20 
seconds, for example. 

[0022] The ultrasonic probe of the indicated equipment can be built with various formats. There is THE you technology 
OBUMIRUPITASU (the U Technology of Milpitas) of California as a suitable vendor. The indicated probe is used together with a 
50W generator. 

[0023] An example of flip chip attachment equipment is manufactured by the R dee automation OBU pith KYATTA way (R D 
Automation of Piscataway) company of New Jersey (model AFC-101-AP). The alignment accuracy of a machine is better than 
**5mm kuron. A throughput reaches 350 to 500 flip chip per hour by the process parameter. In a certain system (M-8 flip chip 
bonder), a thin optical probe is inserted between a flip chip and a substrate, and it is begun to ** both bonding sides to 
coincidence. In order to see a flip chip and a substrate separately, two sets of video cameras and a reflecting mirror are used. It 
aligns by laying the output of both video systems on top of one screen ( drawing 15 and drawing 16 ), and moving a substrate to 
a stationary flip chip. When a flip chip approaches the last location extremely, the last alignment is performed, and it does not 
move in X and the direction of theta of Y, i.e., the direction, after that. The shaft moved after this is only perpendicularly (Z 
direction). 

[0024] The substrate holder 26 is good to build with granite. Probably, rt will be clear that the indicated equipment is quick since 
heat does not need solder, either. Since heat is not needed, this equipment and a process can be used to the substrate flip- 
chip-bonding medium sensitive to heat, and there is also little damage done to a flip chip compared with heat compression 
bonding or a solder reflow. Since bonding of the whole flip chip can be carried out to a substrate regardless of the number of 
connection, a throughput goes up. Finally, since all force acts in the direction of a perpendicular (Z), there is no horizontal 
migration relative between a flip chip and a substrate. 

[0025] In fact, the substrate to about 1 4 inch (about 355.6mm) square can be contained in the indicated equipment. A flip chip 
can treat the small thing of 0.05 inch (about 1.27mm) square. Probably, it will also be effective to use 1 inch (about 25.4mm) 
square of a flip chip according to the indicated process. 

[0026] Since a pickup tool is also a bonding tool again, the precision of bonding is not only improved, but it goes up a throughput 
by indicated invention. For this reason, need to attach a tool or it is not necessary to remove it and to insert a flip chip in a horn. 
The indicated equipment is a semi-automatic system applicable to high density assembly with required aligning a flip chip and a 
substrate with high precision, and carrying out bonding correctly. 

[0027] The tool chip included in the ultrasonic probe of this invention is about 1-/4 inch (about 6.35mm) square of magnitude, h 
is automatically replaceable with the tool for flip chips with which dimensions differ. A probe can take out the force to 100kg. A 
ceramic, an epoxy laminate, or a flexible circuit is sufficient as the indicated substrate. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The flow chart of the main process steps of this invention. 

[Drawing 2] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawin g 3] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 4] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 5] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 6] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 7] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 8] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[Drawing 9] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried out 
to a substrate by this invention in each process step. 

[ Drawing 10] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried 
out to a substrate by this invention in each process step. 

[Drawing 11] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried 
out to a substrate by this invention in each process step. 

[Drawing 12] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried 
out to a substrate by this invention in each process step. 

[Drawing 13] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried 
out to a substrate by this invention in each process step. 

[Drawing 14] What showed the side elevation of the structure of the equipment used in case bonding of the flip chip is carried 
out to a substrate by this invention in each process step. 

[Drawing 15] The X-ray photograph of the flip chip of a substrate when a flip chip is aligned by a substrate and accuracy. 

[Drawing 16] The X-ray photograph of the flip chip on a substrate when the flip chip is not aligned by a substrate and accuracy. 

[Description of Notations] 

20 Flip Chip 

22 Substrate 

24 Table 

26 Work Holder 

28 Vacuum Pickup 

30 Ultrasonic Horn 

32 Point of Ultrasonic Horn 

34 Optical Equipment 

36 Sense Adjusting Device 

38 Stage 

40 Bonding Field 
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[Drawing 15] 
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[Drawing 10] 
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[Drawing 12] 
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[Drawing 13] 
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